INTRODUCTION
A SUFFICIENT SUPPLY of Mg is necessary for adequate bone formation as well as many biological processes. Unlike Ca, which is virtually entirely located in bone, a large fraction (ϳ40%) of total body Mg may be found in muscle and soft tissue.
(1) The kinetics of Ca incorporation and utilization by bone have been well characterized using isotopic approaches in adults and older adolescents. (2) (3) (4) Recently, our group and others have described changes in Ca kinetics associated with growth and pubertal development in girls. (2, 5, 6) Comparable data regarding calcium kinetics in boys during childhood and early adolescence are not available.
In contrast, because of difficulties associated with the use of either radioactive or stable Mg tracers, there are few human studies of whole body Mg kinetics. These problems include the short half-life, limited availability, and unsuitability for pediatric use of the radioactive isotope 28 Mg. (7, 8) Stable isotopes obviate these concerns. Unfortunately, however, a true low abundance Mg stable isotope does not exist. Use of the lowest abundance isotope available ( 25 Mg, natural abundance 10%) requires that relatively high levels of analytical precision be obtained for isotope ratio measurements in studies utilizing Mg stable isotopes. Recent improvements in analytical techniques have made Mg stable isotope studies more feasible. (9 -13) Our group recently participated in a pilot study in which Mg kinetics were determined in a group of five adolescent girls who were administered 25 Mg intravenously. (14) In this article, we report simultaneous measurements of Mg and Ca kinetics in a group of 22 children 9 -14 years of age. Our goals in this study were to evaluate the changes in Mg and Ca kinetics that occur during early adolescence and their relationship to gender, age, and weight; and to evaluate the relationship between Mg and Ca kinetics in children and early adolescents.
MATERIALS AND METHODS

Subjects
Twelve girls and 10 boys participated in this study (age range 9.6 -14.7 years). All subjects were healthy and denied substance abuse. None had a history compatible with an eating disorder, and none was receiving any form of steroid hormones or mineral supplements. Written informed consent was obtained from a parent or legal guardian of each subject; written consent was obtained from all subjects. The Institutional Review Board of Baylor College of Medicine approved this protocol.
Clinical protocol
All subjects were studied in the metabolic research unit (MRU) of the USDA/ARS Children's Nutrition Research Center in Houston, Texas. After placing a heparin lock catheter, 1.5 g/kg 46 Ca was infused over 2-3 minutes, and serum samples were collected for Ca isotope analysis at 6, 12, 20, 30, 45, 60, 120, 180, 240, and 480 minutes after the end of the infusion. Sixty minutes after the Ca isotope was infused, 1.0 mg/kg 25 Mg was infused over 6 -8 minutes, and samples were collected for Mg isotope analysis at 6, 12, 20, 30, 45, 60, 120, 180, and 420 minutes after the infusion was completed. Serum samples were then collected 24 h after the Ca infusion for Ca and Mg isotope ratio analysis. Further samples were collected for Mg isotope ratio analysis at 48, 72, 96, and 120 h after the infusion.
After the initial isotope infusions, each subject completed a 7-day urine and fecal collection. Using orally administered isotopes of Ca and Mg ( 42 Ca, 48 Ca, and 26 Mg), fractional absorption of these minerals was determined. These data for fractional absorption and the calculated urinary and endogenous fecal excretion of Ca and Mg are reported elsewhere. (15) Prior to the study, a nutritionist contacted each family to review the dietary guidelines for the study with them and to obtain a 24-h diet history focusing on typical Ca and Mg intake. Specific counseling was given to each family to achieve a calcium intake of at least 1200 mg/day at home for 2 weeks before the study began.
During the 10-day in-patient study, each subject was placed on a core diet containing ϳ1200 mg/day of Ca. All foods were weighed during the in-patient period. Nutrient intake was determined based on the quantity of food consumed and the nutrient concentration of these foods according to the Minnesota Nutrient Database. The final average intake of Ca during the study was 1310 Ϯ 82 mg/day with a range of 1180 -1480 mg/day. The Mg intake averaged 261 Ϯ 40 mg/day, with a range of 194 -321 mg/day.
Sample analysis
Ca samples were prepared for mass spectrometric analysis (2) using an oxalate precipitation technique. Mg samples were prepared using a precipitation technique previously reported. (12) All samples were analyzed for isotopic enrichment of the 46 Ca/ 43 Ca and the 25 Mg/ 24 Mg ratios using a Finnigan MAT 261 magnetic sector thermal ionization mass spectrometer. The accuracy of our analytical technique for natural abundance samples compared with standard data was 0.2%. Precision, including sequential measurement of the same sample (on different filaments) over time, was 0.2% or better. (5, 12) 
Calculations
The compartmental model used for Ca kinetics is similar to that described by Neer et al. (4) Our model is based on three sequential compartments (pools) prior to Ca deposition in the "deep" bone. The third pool in this model is referred to as the Ca comp . Bone Ca deposition (V o ϩ Ca ) is the rate of flow of Ca from this compartment to "deep" bone. Details of the calculations of these values have been previously described. Of note is that unlike previous reports in which endogenous excretion of Ca was estimated, (2, 5) the actual measured value was used to calculate V o ϩ Ca in this study.
Magnesium kinetics were similarly determined, using a three-compartmental model as described by Avioli and Berman (8) and Sojka et al. (14) In this case, Mg is deposited from the third intermediate compartment (pool) into both bone and soft tissue/muscle. The third pool for Mg is referred to as the Mg Comp Compartmental modeling of the data was performed with the aid of the Simulation, Analysis, and Modeling (SAAM) program. (16) Details of this program and its application to mineral metabolism have been described. (4, 13) Overall error associated with the determination of pool masses and mineral deposition rates is generally less than 5-10%.
Statistical analysis
All data were entered and analyzed using a statistical database for personal computers (Statview 4.5, Abacus Concepts, Berkeley, CA, U.S.A.). Comparison of kinetic results was done based on gender by analysis of variance (ANOVA) for unbalanced group sizes and by Student's t-tests. The effects of age and weight on differences in Ca and Mg kinetics were evaluated by simple and multiple regression analysis. All data are expressed as mean Ϯ SD.
ABRAMS
RESULTS
Comparison of results for bone/tissue deposition rates and body pool sizes for Ca and Mg between males and females is shown in Table 1 . No significant difference was found for these, although the females weighed more (49 Ϯ 18 vs. 36 Ϯ 8 kg, p ϭ 0.05) and were slightly older (12.3 Ϯ 1.6 vs. 11.1 Ϯ 1.0 years, p ϭ 0.05) than the males. Using multiple regression analysis, there was no difference in V o ϩ Mg or V o ϩ Ca between males and females ( p ϭ 0.18 and p ϭ 0.31, respectively) when weight was included in the regression analysis.
The relationships among bone/tissue deposition rates, compartmental masses, and age and weight are shown in The relationships between mineral absorption (14) and bone/tissue deposition rates for Ca and Mg are shown in Fig. 4 . A closer correlation was found between Ca absorption and V o ϩ Ca than between Mg absorption and V o ϩ Mg (r ϭ 0.67, p Ͻ 0.001 and r ϭ 0.34, p ϭ 0.12, respectively).
DISCUSSION
We found differences between Ca and Mg kinetics in 9-to 14-year-old children. These differences include a closer relationship between age and body weight and the body pool compartment size and hard and soft tissue distribution for Mg compared with Ca, and a closer relationship between Ca absorption and its hard and soft tissue distribution than between Mg absorption and its hard and soft tissue distribution.
These differences are related to the different utilization of these minerals by the body. The significant amount of Mg used for muscle and tissue makes it necessary for absorbed minerals to be distributed to these compartments during childhood and adolescence. In contrast, Ca is essentially entirely distributed to bone, and increases in bone mass during adolescence are related to pubertal events more closely than body weight and chronological age changes. All data are mean Ϯ SD. There were no significant differences ( p Ͼ 0.2) between males and females for each comparison.
There are minimal previous data regarding Mg kinetics in humans. (7, 8, (12) (13) (14) The Mg exchangeable pool size (Mg comp ) reported in this study averaged 49 mg/kg, which is similar to previous results in adults. (7, 17) This is in contrast to the much larger size of the exchangeable Ca pool (Ca comp ) in adolescents compared with adults. (2, 18) Specific identification of the anatomic location of the exchangeable Mg pool is not possible in these studies. 
ABRAMS
Previous studies using radioactive tracers have shown that Mg distribution occurs throughout the extracellular fluid during the initial hours after infusion, with subsequent distribution to separate compartments segregated from the extracellular fluid. Some component of the exchangeable Mg probably includes bone, although the exact size of this contribution is not readily measured. (7, 17, 19) We found evidence that this bone component is small by the ratio of Mg comp /Ca comp . This ratio is much greater than the actual Mg/Ca ratio of bone. This difference indicates that most Mg in the exchangeable pool is located in tissue and extracellular fluid rather than bone.
Tissue magnesium distribution dynamics in the rat have been described in detail by Rogers and Mahan. (20) Of note is that they reported that only ϳ20% of the Mg in skeletal muscle is readily exchangeable. They also reported that tissue fractions of exchangeable Mg were greater in young compared with older rats.
Dietary requirements for Ca intake are based on age rather than body weight, whereas Mg intake requirements are based on both age and body weight. (21) Our findings support this distinction due to the close relationship between Mg kinetic values and body weight.
